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ABSTRACT

Host type inmnologically competent cells were found in 4 out of

15 LAFP(host)-C3H (donor) long-lived radiation mouse chimeras. Three of

these 4 chimeras also had donor type lymphoid cells. Therefore, the

host and donor immunocompetent cells must have co-existed in a state

of mutual homograft tolerance. Of the remaining 11 chimeras tested,

6 did not exhibit host type immunocompetent cells, while 5 showed

questionable host-derived ifmunological activity. Donor inuunocompetert

cells were detected in a total of 4 of the 15 LAFI-C3H chimeras. Host

type (i.e., strain A) iuuunocompetent cells were detected also in two

A-LAF 1 radiation chimeras. On the other hand, 10 C3H-C3D2F1 radiation

chimeras apparently did not contain host-derived immunogenic cells.

The presence of hematopoietic cells of host origin was detected in

4 out of 15 LAFI-C3H radiation chimeras. Host-derived hematopoietic

cells were not detected in the A-LAF1 radiation chimeras, and only 1

of the 10 C3H-C3D2F 1 radiation chimeras had host hematopoietic tissue.

Therefore, within the limits of the test system employed the hematopoietic

cells in the remaining chimeras must therefore be predominantly of

donor origin.
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SUNKAR

The Problem:

It has been determined that long-lived homologous radiation

chimeras, produced by injecting allogenic bone marrov cells into mice

which were exposed to a lethal dose of X radiation, contain imunologi-

cally competent (henceforth called imunocompetent) cells derived from

the donor marrow. However, the presence in such chimeras of cells

arising from irradiated host tissues has not been established. The

present report is concerned with the detection of immunocompetent

cells of host type and also of host type hematopoietic cells in radi-

ation chimeras.

The Findings:

Lyuphoid tissues from individual LAF 1 mice, which had been previ-

ously exposed to 880 red of X rays and injected with bone marrow cells

from C3H strain donors, were tested for the presence of host (LAF 1 )

derived iumunocompetent cells. Four out of 15 of these chimeras had

host imuunoccopetent cells and three of these 4 also had donor type

lyphoid cells. Of the remaining 11 chimeras tested, 6 apparently

did not have host type iinunocoupetent, cells, while 5 had questionable

host derived immunological activity. Donor inunoconpetent cells were

detected in all but 4 of the 15 chimeras.
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Other chimeras, in which the host was a parental strain and the

nrrow donor the F1 hybrid, were also studied. Two lethally irradiated

A strain mice injected with LAP 1 hybrid marrow were found to have A

(i.e., host) type inuunocompetent cells present 3 months later. On

the other hand, 10 lethally irradiated C3H mice injected with C3D9' 1

hybrid marrow apparently did not have host derived immunogenic activity

4 months later.

The presence of hematopoietic cells of host origin was detected

in 4 out of 15 LAF 1 -C3H chimeras. Host derived hematopoietic cells

were not detected in the A-LAF1 chimeras and only 1 of the 10 C3H-C3D2r 1

chimeras had host hematopoietic tissue.

It is concluded: 1) That host type imounocompetent and hemato-

poietic cells exist in some, though not all radiation chimeras. 2) A

spectrum of mixtures of donor and host genotypes probably exists in the

lymphoid, and perhaps the hematopoietic tissues of these chimeras. A

few animals may no longer be chimeric, i.e., complete reversions, others

may have both host and donor cell types in varying proportions, and

still others may have only donor type cells. 3) In the cases where

both host and donor immunocompetent cells exist together, a state of

mutual tolerance must also exist. 4) Immunological activity on the

part of the host in these long-lived radiation chimeras is infrequent.

The irreparable effects of radiation together with graft-versus-host

immunological reactions may act in supressing the host.
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INTRODUCTION

It has been shown that the lymphoid tissues of allogenic radiation

chimeras contain immunologically competent ce3l s (henceforth called

izmunocompetent cells) of donor origin (i) On the other hand iiuno-

competent cells of host origin have not been detected in such chimeras

(2,3,4), although their presence has been suggested by Gengozian end

Makinodan (5) and by Hollingsworth (6) The findings in this report

demonstrate the presence of host type immunocompetent cells in some

LAF 1 -C3H long-lived chimeras, and these cells are shown to co-exist

with immunocompetent cells of donor origin in an apparent state of

mutual tolerance. Data demonstrating the presence of host hematopoietic

cells in a few radiation chimeras is also presented.

MATERIALS AND METHODS

Radiation Chimeras: Allogenic radiation chimeras were prepared by

exposing mice to 880 red of X radiation (a dose 100 rad above LD 99)

and inoculating them intravenously with 4 to 8 x 106 bone marrow cells

from normal allogenic donors. The radiation faetors were as follows:

250 kvp Westinghouse Therapy Unit operating at 15 ma and using 0.5 mm Cu

and 1.0 mm Al filters; T.S.D. was 100 ca and the dose rate was 30 red/

min. Forty-five mice, placed in individual lusteroid tubes, were

exposed at one time on a platform rotating at 3.5 r.p.m. Following

irradiation and bone marrow injections, the mice were housed 2 to a

cage and during the first week postirradiation their drinking water



contained Neonycin sulfate (100 mg %) and Polymyxin B sulfate" (890

units per ml). After 3 weeks the chimeras were relocated in cages

holding up to 10 animals.

The bulk of the data given in this report involve LAPI-C3H chimeras,

that is, (C57L x A)F 1 hybrids (so called LAP1 mice bred at this Labo-

ratory) which were exposed to 880 red of X radiation and given marrow

cells from normal C3H/Crgl donors. The chimeras used in this study

were survivors from a population of which approximately 60% had suc-

cumbed to secondary disease. At the time of sacrifice (12 to 15 months

after marrow injection), these chimeras were apparently healthy.

Additional data were obtained from the A/Hejax mice exposed to

770 red and injected with bone marrow cells from LAP 1/Nrdl donors (A-

LAF1 chimeras), and from C3Hf/Crgl mice exposed to 840 red and in-

jected with (C3H x DBA/2)FI/Jax (C3I2F 1 ) bone marrow (C3H-C31P_1 chimeras).

In these 2 combinations the bone marrow recipients were not strictly a

parental strain of the respective marrow donor since they were bred in

different laboratories. A high incidence of late deaths, presumed to

be due to secondary disease, was noted in the latter two groups of

chimeras.

Detection of Host Type Imnoco-petent Cells: The presence of host

inunocompetent cells in chimeric lymphoid tissue was determined by one

Bisol, Upjohn Co.
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of several test systems. When the boot was a momozygous utrain, the

ortality reuulting from the parental-F1 hybrid syndrome vwa used as

the teot Ssutem (7). Cells (15 to 25 x 106) from a chimera's lympold

tissue (usually spleen) were Injected intraperitoneally into sublethally

irradiated (500 red) F1 hybrids of which one parent was of the sms

strain as the chimera host while the other parent was a third unrelated

strain. For example, with A-LAP1 chimeras, (BALB/c x A)7 1 bybrids

(CAP,) were used as test aninals and with C33/f-C3DF1 chimeras, (C3H

x BALB/c) F1 •ybrids (C3VCF 1 ) were used.

In testing the LAF 1 -C3H chimeras, the iymphoid tissue cells were

incubated in specific antiserum (anti-donor) and tested for any host

immunogenic activity remaining. The antiserum was obtained from

several strains of nice (LAl, A, CAP,) bypersensitized against C39

tissue by 3 or more subcutaneous and intraperitoneal injections of

C3H spleen homogenate. The injections were given at least 5 days

apart and the antiserum, harvested 1 week after the last injection,

was pooled and frozen for storage. The lyrphoid cells from each

chimera (usually from the lymph nodes) were mixed with the antiterum

in the proportion of one ml of cell suspension (containing 25 x 106

cells per ml) per 1.5 to 2 m1 of antidonor serum. This mixture was

then incubated for 10 minutes at 37*C in a Dubnoff water bath shaker.

The incubated mixture was diluted to 5 ml with Tyrode's solution and

1 =1 aliquots, containing the equivalent of 5 x 106 nucleated cells,
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were injected intraperitoneally into irradiated (880 rad) LAP 1 recipients

which had just received 6 to 8 x 106 bone marrow cells from CAP 1 or

BALB/c donors. The death of the test mice by 21 days, due to the

rejection of the injected bone marrow cells, indicated the presence of

imunocompetent host type (LAP,) cells. As controls, known normal C3H

or LAF 1 cells were incubated in the same manner and aliquots which

contained 5 x 106 or 1 x 10 6 cells respectively were tested. In ad-

dition, another aliquot of the chimera's lymphoid cell suspension was

tested directly without incubation.

A second test system was also used for detection of host icuano-

competent cells in LAFP-C3H chimeras. LAP1 test animals were sensi-

tized with a single injection of hcomgenized C3H spleen tissue(equiva-

lent to 1/5 of a spleen administered both subcutaneously and intra-

peritoneally) and 1 week later they were irradiated (880 red) and

injected intravenously with 96 x 106 rat bone marrow cells. These

mice then received intraperitoneally 5 to 15 x 106 cells prepared

from each chimera's lyphoid tissue. Spleen cells from LAF1 (1 x 106)

or C3H (5 x 10 6) donors were injected into other test mice as controls.

Again, death of the test mice by 21 days due to the rejection of the

rat marrow indicated the presence of host izuunocompetent cells.

Detection of Donor Type immunocompetent Cells: The parental-F1

hybrid test system, referred to above, was used for the detection of

donor cells (1).
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Determination of Host Type Hmtopoietic Cells: Host type hms-

topoietic cells were determined by their ability to protect lethally

irradiated, sensitized (anti-donor) mice. Sensitization was accomplished

1 week earlier by a combined subcutaneous and intraperitoneal injection

of spleen homogenate from mice of the same strain as the marrow donor.

Bone marrow cells from the 2 femurs of each chimera were collected and

suspended in 0.7 to 0.9 ml of Tyrode's solution and 0.2 ml aliquots were

inoculated intravenously into each of 2 sensitized (antidonor) recipi-

ents which had Just received 880 rad of X rays. Other aliquots of 0.2

ml were injected into similarly irradiated but nonsensitized control

mice. Survival of the irradiated, sensitized recipients indicated that

host hematopoietic cells were present in the chimera's marrow.

RESULTS

Detection of Host Immunocompetent Cells by Treatment With

Isoantiserum: Of the 11 LAP 1-C3H chimer"s studied, 3 (chimeras No.

4,5, and 6) exhibited host LA 1 as well as donor C3H type i3uno-

competent cells (Table I). Therefore the two lyAphoid cell populations

(donor and host) in these chimeras apparently existed in a state

of mutual tolerance. Of the remaining 8 chimeras, 5 had no apparent

host type activity, while in 3, the presence of LAF 1 cells was

questionable. As can be seen from Table I, all of these chimeras,

with the possible exception of No. 10 and 31, showed donor type cello.

However, it should be noted that chimeras No. 9, 10, and 11 had retained
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for 4 months both LAP 1 and C3H skin grafts but previously had rejected

BALD/c homografts.

Detection of Host Ismunoccovetent Cells by Rejection of Rat Bone

Marrow: Your chimeras were tested by this system (Table II). The

lympboid tissue cells from chimeras No. 12 and No. 15 were not active

against the rat marrow indicating that there was no detectable host

type LAP 1 imiunocompetent cells present. However, all recipients of

the lymphoid tissue of chimera No. 13 died. showing that host imuno-

competent cells were present in this animal. The results for chimera

No. 14 were inconclusive. As can be seen also in Table II donor type

(C3H) lymphoid cells were found in chimeras No. 14 and No. 15, but in

chimeras No. 12 and No. 13, their presence was questionable. All of

these particular chimeras had retained LAF 1 and C3H skin grafts of

2 - 3 months duration at the time they were sacrificed. They also

had rejected in a normal fashion foreign BALB/c skin homografts, indi-

cating immunological competence.

Detection of Host Immunocompetent and Hematopoietic Cells in

Chimeras of Other Strain Combinations: Two A-LAF1 chimeras were

sacrificed at 100 days and their pooled lymphoid tissues produced

deaths on injection into WI hybrids which had been exposed to 500 red

of X rays (Table III). These results indicated the presence of

ininmologically competent host (A genotype) cells in at least one of

these chimeras. In the test of hematopoietic cell genotype, no A



TABL II

THE OCCURRENCE OF HOST AND DONOR IM14NCLOGICALLY CCKPETEINT

CELLS IN LYMPHOID TISSUES OF LONG-LIVED LAF -C3H RADIATION CHIMERAS
(RAT NARROW REJECTION SiT M)

mU1~dUw CHOMA MOST Trrn (LAY,) *DOMB TITI (c30)*
1W Mortality Occurrence Mortality Occurrence

(no./total) (no./total

w 12 1/6 absent 2/5 (M)

13 6/6 present 2/5 (1)

14 2/6 (M) 5/5 present

15 1/6 absent 5/5 present

CCO aLS IITH LMHOID TISSM CP KNOWN GENOTYPI

C3H 1/10 8/10

1 10/10 0/10

None 1/13

*Test sytme: Lyxqphoid tissue cells (5 to 15 x 106) from each chimra were
injected Into presensitised (anti-C3H) LAP 1 recipients which had been exposed
to 880 reds and given rat bone marrow.

** est systm: Lymphoid tissue cello (5 to 15 x 106) from each chimera vere
injected into C3M71 b•brids exposed to 500 red of X rays.

*All eamaeras had retained both LAP1 and C3H skin grafts for 2 to 3 months
but had rejected BALD/c grafts.
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TALE III

OOCU(MMN OF HOST IINOCCM(X TEN AND
HEKATct'OIETIC CLLS IN A-LAP, ADD C3H-3D2F1 CH IE

RC. CIRDE Eim OCUR E CFHOST (A or 03H)

SqD In•ncompetent Cells * euatopoletic Cells

B A-LAF1 2(pooled) present absent

I C3B-C31MW 10 absent in each present in one
-- .. .--------- ..-----.------.---------- ....-.-.-- ......-- ........-- .... o.--

Test system: Lymphoid cells from the chimeras were injected into
sublethally irradiated (500 red) CAP, (Exp. E) or C3B 1 (ZxP. F) hbrds.

Death of theme hybrids indicated the presence of host imnmocompetent cells.

STest system: Bone marrow cells from the chiusras were injected intra-
venously into irradiated (880 red) LAP1 recipients mol of vhich bed been
presensitised (antidonor) and the rest Vere nonsensitised controls.
Me survival of the sensitised irradiated recipients Indicated the
presence of host hemstqpoietic cells.
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type cells were found. These animals must therefore have had hemito-

poietic cells of donor (LAY,) origin. Another group of 10 C3H-C3D2F1

chimeric mice, tested individually at 4 months, shoved no host (C3H)

izunocompetent cells. In addition. ll but one, were devoid of host

type hematopoletic cells (Table III).

Detection of Host Type HRetopoietic Cells: In addition to the

data for hematopoietic cells in A and C3H hosts given above, one experi-

ment using LAF1 -.C3H chimeras was carried out in which the presence of

host type hemotopoietic cells as well as immmocompetent cells was

tested on the same chimeras (Exp. A). These results along with those

from other LAF1 -C3H chimeras are shown in Table IV. Host hematopoietic

cells were detected in only 4 out of 15 chimeras; and of these the 4

in Experiment A showed no host type hematopoletic cells, including

Chimera No. 4 which did have host type inmunocompetent cells (Table I).

Done marrow cells from 8 additional chimeras, including Chimera No. 2

failed to protect nonsensitized recipients.

DISCUSSION

Host IMunocoupetent Cells: In view of the known occurrence of

reversions in irradiated mice protected with rat bone marrow (8,9) or

with allogenic mouse marrow (10), the eventual recovery of host lymphoid

tissue appeared to be a reasonable assumption (11). Gengozian and

Makinodan (5) suggested from their data that hemagglutinins of host

cell origin were present in mouse-rat chimeras. Hollingsworth (6) has

10



TAX• IV

000Uvl ci' NOM TM IciMC CKLS IN
TO B MAn Co LOW-LIVD LA7 1 -03H ONDRAS

Mop. m &U ORU Or nWADIA1D 1CflM OCC~NM or
ND. (N1o./total.) EOM TP ENA ROW

anti-03H non-senuitited
recipients recipients

A 1 2/2 0/1 absent
2 2/2 1/1 (?)

2/2 0/1 absent
212 011 absent8 .... oi" a6uen....17 2/2 o/1 aA- -ent

18 2/2 0/1 absent

19 2/2 0/1 absent
2D 2/2 0/1 absent

21 1/2 0/1
22 1/2 0/1
23 1/2 0/1

2h 0/2 0/1 present
25 0/2 0/1 present
26 0/2 0/i present
27 0/2 0/i present

28 2/2 1/1
29 2/2 1/1
30 2/2 1/1
31 2/2 1/i

32 0/2 1/1
33 1/1 1/1
34 1/2 1/1

own=A WITH IMAOUC Or8 MW UoW NO1W

93H 2l4/25 1/25

LA,1/15 0/15

Test system: The bone narrow cells from the femurs of each chimera were
injected into 3 irradiated (880 red) IA71 nice, two of which hbd been
sensitized (anti-C3K), and the other non-sensitisd.

11



also suggested that some of the imune functions of the chimera, I.e.,

humoral antibody production, were attributable to the activity of host

cells. However, in mice protected with allogenic fetal liver (2,.).),

with rat bone marrow (3) or with allogenic bone nmarrow (4), lymphoid

cells of host genotype either were not found (by cytotoxicity tests)

or were not active (by hemagglutinin activity).

The present data show that host type inmnologically competent

cells (i.e., able to reject foreign marrow cell grafts) are present in

the lymphoid tissues of some, but apparently not all, long-lived LAFI-

C3H chimeras. These immunocompetent cells must be specifically tolerant

of the donor genotype, since donor cells were present at the time of

sacrifice. Tolerance on the part of Inmunocompetent donor cells with

respect to the host has been established for long-lived LAFI1 -C3H

chimeras (1). Therefore, the host inmunocompetent cells found in these

chimeras apparently co-existed in a state of mutual tolerance with

respect to cells of donor origin. Such a state of mutual tolerance

has been suggested by our previous studies (1) and by those of Koller

and Doak (12). Wtual tolerance has also been demonstrated recently

in mice with neonatally acquired tolerance (13).

It a;pears from this and other reports (2,3,) that host imzogenic

activity is depressed or lacking in many allogeneic chimeras. This

state may be due either to a qualitative or to a quantitative deficiency

of host immunocoupetent cells, or both. The results of Vou (2) indi-

12



cate a quantitative lack of host cells. In the present study, it is

estimated that at least 20% of a chimera's lymphoid tissue cells must

be of host type in order to obtain positive evidence of host imano-

genic activity. It is conceivable that the irreparable effects of

radiation, together with graft versus host reactions, may be responsible

for a long-lasting depression of the host lymphoid system in LAPF-C3H

chimeras.

On the other hand, the evidence of mutual tolerance on the part of

donor and host cells in radiation chimeras, with the persistence of an

immune system of host origin, however feeble, also implies other pos-

sible mechanisms as follows: 1) suppression of both the donor and host

homograft response towards one another by means of "clonal suppression"

in the sense of the Burnet-Lederberg theory (14, 15); 2) immunological

paralysis (16) of both donor or host due to excess of either host or

donor transplantation antigens (both of these possible mechanisms of

tolerance have been discussed previously (1)); and 3) a Physiological

interdependence of host and donor imzunocompetent cells which precludes

reactivity of one against the other. While there is no direct evidence

to support any of these hypotheses, the recent work of Miller (17) sug-

gesting a regulatory function for tbymocytes and their collateral cells

(reported to be relatively radioresistant (18)) makes the last theory

somewhat attractive. Thus the residual thymocytes of host origin could

govern the reactivity of the donor inmunocompetent cells, and as a

13



result of their interdependence, fashion a state of mutual tolerance.

Host Type Hematopoletic Cells: It has been observed that there is

a high proportion of donor type red blood cells in most allogenic

chimeras (2,9,10,19). The present results are in agreement with these

findings. Host hematopoietic cells were detected in only 5 chimeras

of the 25 studied and the remainder, therefore, must have had donor

type cells. Whether these chimeras had hematopoietic cells of both

donor and host genotypes, such as the "partial chimeras" developed by

Popp (10), or a hemopoietic system which was completely of either

host or donor type, cannot be determined from these data.

Chimera No. 4 offers a special situation which is of interest.

This mouse had host type lymphoid cells but did not exhibit host type

hematopo ietic activity (Table I and IV). The C3H-C3D21U chimera

which had host hematopoietic cells but apparently no host lymphoid

cells is of interest too (Table III). This deployment of the host

cells suggests that the hematopoietic and lymphopoietic cell lines may

repopulate these chimeras independently of each other, i.e., that two

different stem lines are involved. This phenomenon has been noted by

others also (10, 20).

Finally, it appears from these data that the irradiated donor bone

marrow graft has an initial advantage in repopulating the tissue of the

irradiated host, for cells of donor origin, both lymphopoietic and

hematopoietic are' shown to predominate in most long-lived LAP1-C3H

chimeras.
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